A study was conducted utilizing two strains of male Large White turkeys (BUT Big 6 and Nicholas 700) to determine the effects of increasing Arg: Lys ratios on live performance and carcass composition. Diets were formulated to provide 100, 110, and 120% of NRC (1994) Lys levels, adjusted for dietary energy level, with Arg:Lys ratios of 1.0:1, 1.1:1, 1.2:1, and 1.3:1 in a 3 × 4 factorial arrangement. Eight pens of 15 poults (four pens of each strain) were fed each of the 12 test diets for an 18-wk period. Diets were changed at 3-wk intervals rather than the 4-wk interval suggested by NRC.
INTRODUCTION
Amino acid recommendations for growing turkeys are based on rather sparse data, especially for amino acids other than Lys or Met. The most recent recommendations of NRC (1994) indicate that after 4 wk of age, Arg requirements are based primarily upon computer modeling (Hurwitz et al., 1983) , whereas Lys requirements are based principally upon classic empirical feeding trials (Kratzer et al., 1956; Balloun and Phillips, 1957; Waibel, 1959; Balloun, 1962; Carter et al., 1962; Carlson et al., 1969; Tuttle and Balloun, 1974; Potter et al., 1981; Jackson and Potter, 1984; Jensen et al., 1965 Jensen et al., , 1976 Noll and Waibel, 1989) . A comparison of NRC recommendations over the last 25 yr (NRC 1971 (NRC , 1977 (NRC , 1984 (NRC , 1994 indicates that recommended levels of Arg stayed relatively constant from 1971 to 1984 but were reduced sharply in 1994, although no reported research on Arg needs was cited. In contrast, recommended levels of Lys have fluctuated little since 1971, increasing in some age periods and decreasing in others.
The interrelationship of Lys and Arg in poultry nutrition has long been recognized (Almquist and Merritt, 1950; Snyder et al., 1954 Snyder et al., , 1956 O'Dell et al., 1958; Anderson and Dobson, 1959; Snetsinger and Scott, 1961; Boorman and Fisher, 1966; O'Dell and Savage, 1966; Smith and Lewis, 1966; D'Mello and Emmans, 1975; Austic and Scott, 1975) . Evaluation of Arg:Lys ratios developed from NRC amino acid recommendations for turkeys show considerable fluctuation since 1971 (the first time recommendations were based on a 4-wk interval) with a severe reduction in the Arg:Lys ratio observed in 1994. Based on present recommendations for Arg and Lys (NRC, 1994) the Arg:Lys ratio is 1.0:1 from 0 to 4 wk and diminishes to approximately 0.90:1 in ensuing periods.
It has recently been suggested (Brake et al., 1994) that the ideal ratio between Arg and Lys for turkeys increased during hot weather, resulting in better feed conversion, lower mortality rate, and favorable changes in carcass composition. Turkey muscle is particularly high in Lys (Ristic and Freudenreich, 1974 recent research has suggested the need for higher levels of Lys to maximize breast meat yield in broilers (Hickling et al., 1990; Acar et al., 1991; Bilgili et al., 1992) and turkeys (Lilburn and Emmerson, 1993; Lehmann et al., 1996) the possibility of exacerbating an adverse Arg: Lys ratio by supplementation with lysine exists. The objective of the present study was to examine the relationship of Arg and Lys in diets for growing turkeys to provide further information on requirements for these amino acids and to explore their interaction.
MATERIALS AND METHODS

Birds and Management
Day-old male Large White turkeys from two commercial strains were obtained from a local hatchery. British United Turkey Big 6 3 (BUT) poults originated from a flock in the 9th wk of lay; Nicholas 4 700 (NIC) poults were from a flock of molted hens. The poults were randomly assigned to pens in an open-sided house with sidewall curtains. Fifteen poults were assigned to each of 96 pens with 48 pens of BUT and 48 pens of NIC. Pens with BUT turkeys alternated with pens with NIC turkeys. Each pen (5.6 m 2 ) was equipped with an automatic water fount and a hanging tube feeder; at 6 wk the tube feeder was replaced with a small range feeder. Supplemental feeders and waterers were used during the first 7 d. Brooding temperatures began at 34 C and were reduced 3 C weekly. Natural lighting was supplemented with incandescent lighting to provide 23 h light daily (0100 to 2400 h). Birds were culled for obvious leg weakness and cannibalism.
Diets and Experimental Treatments
Corn, soybean meal, corn gluten meal, and poultry byproduct meal were used as intact sources of protein. These ingredients were analyzed for crude protein, moisture, and amino acid content (Llames and Fontaine, 1994) prior to formulation of the respective diets for the different age periods. As most commercial turkey diets in the U.S. contain some form of animal protein, 5% poultry byproduct meal was included in all diets. Commercially available amino acids (L-lysine HCl, DL-methionine, Lthreonine, and L-tryptophan) were provided at minimal cost to minimize the levels of excess amino acids. Diets were formulated to provide a minimum of 105% of NRC (1994) recommended levels of all amino acids other than Lys and Arg; these were specified to provide 100% of the recommended level of Lys, adjusted to the dietary energy level, with an Arg:Lys ratio of 1.0:1. As a result of the method of formulation, many of the essential amino acids were at or near their minimum recommended levels with Lys and Arg at the minimum specified level in every diet. Composition and calculated nutrient content of the diets is in Table 1 . Feeds were changed at 3-wk intervals rather that the 4-wk interval suggested by NRC.
Cornstarch was included in all diets during formulation at a level sufficient to allow for substitution with lysine HCl and arginine while retaining similar dietary ME levels. To prepare test diets, a large batch of basal diet exclusive of the corn starch was mixed and aliquots used to mix 12 experimental diets. These diets represented a factorial arrangement of treatments with three levels of Lys (100, 110, and 120% of NRC recommendations) and four Arg:Lys ratios (1.0:1, 1.1:2, 1.2:1, and 1.3:1). Variable levels of L-lysine HCl, L-arginine free base, and cornstarch were added to the aliquots of the basal diet to attain the desired levels of Lys and Arg. Diets were pelleted with steam; starter diets were fed as crumbles. Each of the resulting twelve treatments were assigned to eight replicate pens of poults (four pens of BUT and four pens of NIC) in a randomized block design.
All diets were fortified with 66 mg/kg monensin sodium to 15 wk and 55 mg/kg bacitracin methylene disalicylate to 18 wk. Samples of all mixed feeds were subjected to proximate analysis. The basal diet in each age period was analyzed for total amino acid content (Llames and Fontaine, 1994) , whereas the final test diets were analyzed for levels of supplemental amino acids (NFIA, 1991) . The results of the analyses indicated that the nutrient levels in the mixed feeds were in agreement with calculated values.
Measurements and Statistical Analysis
All birds were group weighed by pen at 0, 3, and 6 wk of age and individually weighed at 12 and 18 wk. Individual weights were obtained for all birds removed, culled, or dead. Feed efficiency was determined at 3, 6, 12, and 18 wk and adjusted for the weight of birds that were removed, culled, or dead. At 18 wk, two birds per pen nearest the mean pen weight were selected for processing. After a 12-h period without feed, live weights were obtained just prior to slaughter in a pilot processing plant. Hot carcass weight and abdominal fat content were determined following manual evisceration. Processed birds were chilled overnight in a static ice bath; parts yield was determined the following day as described by Izat et al. (1991) .
All data were analyzed using the GLM procedure of the SAS Institute (1991). Data were analyzed as a factorial arrangement of treatments in a randomized block design, with block consisting of quadrant of the house. The model included block, Lys as percentage of NRC recommendations, Arg:Lys ratio, strain of bird, and all possible interactions. For body weight, feed conversion, mortality, and cull birds the statistical unit was the pen. For carcass data, the statistical unit was the individual bird as birds were processed in random order irrespective of dietary treatment. All percentage data were analyzed after arc sine transformation. This transformation did not alter statistical interpretation; therefore data are presented as actual percentages. Statements of statistical significance are based on P ≤ 0.05. 
RESULTS AND DISCUSSION
Probabilities and standard error of the means for the effects of the dietary treatments, strain, and their interactions are presented in Table 2 . Data for all main effects and significant interactions are presented in subsequent tables. The effects of strain and dietary treatment on body weight are shown in Table 3 . Body weight was increased at all ages as a result of increasing Lys levels; birds fed diets with 110 and 120% of NRC (1994) recommended Lys levels, changed at 3 wk feeding intervals, were significantly heavier than those fed diets with 100% of the suggested levels. This increase in body weight is in agreement with recent studies from this laboratory on long-term feeding of diets with different levels of all essential amino acids (Waldroup et al., 1993 (Waldroup et al., , 1997a (Waldroup et al., , b, 1998 . A part of this may be due to the reduction in length of time that the various diets were fed; higher amino acid levels are required when diets are changed on 3-wk vs 4-wk feeding intervals (Waldroup et al., 1997b) .
The NIC poults were significantly heavier than BUT poults at 3, 6, and 12 wk and numerically heavier (P = 0.07) at 18 wk. A part of this weight difference may be due to the fact that the NIC poults came from an older flock of hens than did the BUT poults. However, Moran et al. (1992) compared poults from 85-vs 41-wk-old hens of the same strain and noted that equalization of body weights occurred in the two groups once the allotment of starting feed had been consumed.
There was no significant effect of Arg:Lys ratio on body weight at any age. However, a significant interaction of Arg:Lys ratio on body weight was observed at 3, 6, 12, and 18 wk. At the lowest Lys level, increasing the Arg:Lys ratio significantly improved gains, whereas at higher Lys levels (and thus higher Arg levels as a consequence of maintaining a constant Arg: Lys ratio), the lowest Arg:Lys ratio of 1.0:1 appeared to be satisfactory to maintain body weight. Thus, it appears that the response to Arg:Lys ratio at the lowest Lys level was simply a response to a deficiency of Arg per se rather than a true response to an Arg:Lys interaction. Strain differences in body weight in response to Lys level and to Arg:Lys ratios were observed only at 18 wk. At this age, there was no significant difference in body weight between BUT and NIC turkeys fed diets with 110 or 120% of the NRC (1994) recommended Lys level, adjusted to a 3-wk feeding period. However, BUT turkeys were significantly lighter in body weight than NIC turkeys when both were fed diets with 100% of the recommended Lys level, adjusted to a 3-wk feeding period. There was also a significant interaction of strain and Arg:Lys ratios; at the lower Arg:Lys ratios, NIC turkeys were significantly heavier than BUT turkeys whereas at the higher ratios the BUT turkeys were equal or superior in body weight. Both of these responses would suggest that the BUT turkey may be more sensitive to deficits in protein and amino acids at this age than the NIC turkey, as has been suggested by some authors (Moran et al., 1984; Leeson and Caston, 1991; Lilburn, 1992) and refuted by others (Waibel et al., 1991; Lilburn and Emmerson, 1993; Waldroup et al., 1997b) .
There were no significant interactions of Lys by Arg:Lys ratio by strain for body weight (data not shown).
The effects of strain and dietary treatment on feed conversion are shown in Table 4 . Dietary Lys levels had no consistent effect on feed conversion at 3, 6, or 12 wk of age; at 18 wk of age, feed conversion by turkeys fed diets with 110 or 120% of the NRC (1994) recommended Lys level, adjusted to a 3-wk feeding interval, was significantly better than that of turkeys fed diets with 100% of the recommended level, in agreement with recent work from our laboratory (Waldroup et al., 1997a, b) . Feed conversion by BUT turkeys was significantly better than that of NIC turkeys at 12 and 18 wk of age. Similar strain differences in feed conversion were noted by Waldroup et al. (1998) .
The Arg:Lys ratios did not influence feed conversion at any age. A significant interaction of Lys level and Arg:Lys ratio on feed conversion was observed at 6 and 18 wk, with a similar trend (P = 0.06) at 12 wk. Just as observed in body weight, feed conversion was improved as Arg:Lys ratios increased in diets containing 100% of the recommended Lys level, adjusted to a 3-wk feeding period, but not when Arg:Lys ratios improved in diets containing 110 or 120% of the recommended Lys level, adjusted to a 3-wk feeding period. Again, this result suggests that this response was due to a deficiency of Arg per se at the lowest Lys level, rather than a true interaction of Arg and Lys. There were no interactions of Lys by strain, Arg:Lys ratio by strain, or Lys by Arg:Lys ratio by strain (data not shown).
The effects of strain and dietary treatment on carcass composition and parts yield is shown in Table 5 . Birds fed diets with 110 or 120% of the NRC (1994) recommended Lys level, adjusted to a 3-wk feeding interval, had significantly higher breast meat yield than birds fed diets with 100% of the recommended level, in agreement with a number of reports (Lilburn and Emmerson, 1993; Lehmann et al.,1996; Waldroup et al., 1993 Waldroup et al., , 1997a Waldroup et al., , b, 1998 . Dietary Lys levels had no significant effect on dressing percentage, abdominal fat content, wing yield, or skeletal rack. Although leg quarter yield was significantly influenced by Lys level, there was no consistent change in leg quarter yield in response to increasing Lys level. The Arg:Lys ratio had no significant effects on any carcass parameter other than leg quarter yield; as in the case of Lys level there was no consistent change in leg quarter yield in response to increasing Arg:Lys ratios.
The two strains of turkeys did not differ in dressing percentage, abdominal fat, or yield of breast meat or wings. The BUT turkeys had a higher percentage leg quarter yield and a lower skeletal rack yield than the NIC turkeys. There were no interactions between strains and the various dietary treatments (data not shown) in agreement with the studies of Waldroup et al. (1997b) . Waldroup et al. (1997b Waldroup et al. ( , 1998 reported that NIC birds had higher breast yields than did BUT birds at 18 wk but there was no difference in breast yields between strains at 24 wk (Waldroup et al., 1997b) .
The results of this study suggest that the Arg and Lys levels suggested by the NRC (1994) are not sufficient when diets are fed on 3-wk intervals, rather than the 4-wk intervals suggested by NRC. This conclusion is in agreement with the studies of Waldroup et al. (1997b) . Increasing Arg:Lys ratios improved performance of turkeys only when the diets contained insufficient amounts of Arg in association with low levels of Lys. Increasing Arg:Lys ratios when diets contained sufficient amounts of these two amino acids was without benefit, in contrast to the report of Brake et al. (1994) . Turkeys of the BUT Big 6 strain appeared to be more sensitive to marginal deficiencies of Lys and Arg than did turkeys of Nicholas 700 strain.
